With the strict regulations of present times, chemical oxidation holds tremendous potential for destructive treatment of hazardous wastes which are resistant to biological oxidation. Fenton's reagent has proved to be an inexpensive and powerful oxidant which has been shown to oxidize a wide variety of organics. In this paper, 2,4 dinitrotoluene (2,4 DNT) was chosen as a model compound following previous work where 2,4 DNT was subjected to oxidation by hydrogen peroxide in the presence of medium power UV source. Various factors that are important to optimize the oxidation of organics were studied. The effect of aeration, step dosing and the role played by the ferric ions on oxidation of 2,4 DNT were verified in this experimental study. The results of our work show that 2,4 DNT can be effectively oxidized in aqueous solutions with Fenton's reagent. At a H2O2: DNT: Fe2+ ratio of 20:1:2.5 (molar), 2,4 DNT was completely removed in 5 hours. Finally, the results and the reaction intermediates of the oxidation of 2,4 DNT with Fenton's reagent vis-a-vis the H2O2/UV system are discussed.
INTRODUCTION
Dinitrotoluenes are generated from ammunition factories and other chemical industries. One major use of 2,4 DNT is making 2,4 diaminotoluene for isocyanate production. Dinitrotoluenes are also used for production of dyes, explosives, organic synthesis and as a propellant additive. Over 0.5 billion lb./yr. of 2,4 dinitrotoluene and 2,6 dinitrotoluene were produced in 1982 [11] .
Biodegradation, although possible, may require longer time to oxidize 2,4 DNT in aqueous solutions.
Use of a strong oxidant may be necessary for treatment of 2,4 DNT in a shorter time. Products resulting from chemical oxidation might be more amenable to biological treatment than the parent compound.
A well documented process for generating oxidants in aqueous solution is Fenton's reagent, a combination of H2O2 and a ferrous salt. This mixture (H2O2 + Fe2+) forms hydroxyl radicals ('OH) which play the major part in oxidation of organics. Equation 1 (11) 2 "OH _> H2Oi (12) In the presence of UV and H2O2, reactions (13) , (14) and (15) have been reported [4] . 
2 HOv _> H202 + O2 (14) H02-+ H20 + Or -> H^+ O2 + OH"
If oxidation is not controlled, the H2O2 applied for oxidation of organics could be partly lost. Although this loss can not be eliminated, it may be suppressed to favor the oxidation of organics, thereby economizing the usage of H2O2. The aim of this paper is to identify various conditions that maximize the oxidation process and reduce the contact time using 2, 4 Figure 1 shows the average removal of DNT with variation of H202:DNT for a contact period of one hour. The chromatograms showed that the concentration of by-products (excluding DNT) also decreased with the increase in H2O2 concentration. Since some of the by-products were unknown, the area under the peaks were compared. The consumption of H2O2 increased with the amount applied. At higher H2O2 concentrations, there would be a greater amount of self decomposition because the •OH generated would react with H2O2 and hence reaction 2 would gain prominence. It may be observed from Figure 1 that greater than 99% of the DNT is removed for a H202:DNT ratio of 20.
During the early phase of this study, an organic catalase (Fermacolase -1000) was tried to quench the reaction. The Chromatograph had many unknown peaks which were from the organic components of the catalase. After this, sodium sulfite was found to be a good alternative because it is inorganic and it removes the remaining H2O2 very quickly. Table I . The TOC, H2O2 and the pH were monitored during the course of the experiment. Figure 3 shows the variation in removal of TOC for each of the three conditions. If the organic radicals generated (R' from reaction 4) are in higher concentrations, formation of dimers are possible. [14] The most conducive conditions for formation of dimers are: Low pH [9] • Oxygen -free atmosphere [9] , [10] • Higher concentration of organic radicals [14] To verify the effect of sequential addition of H2O2 on generation of byproducts, an experiment was performed with a lower H202:DNT ratio (H202: DNT: Fe2+ = 10 
Influence of Aeration
The presence of oxygen is an important factor for oxidation of organics. [8] , [15] The dissolved oxygen participates in the reaction only when organic substrate is present [6] . Walling et al. however reported lower yield of products in presence of oxygen [12] . This was explained by reactions 6, 7 and 8:
The rate of reaction 6 is greater than reaction 7 [9] and hence reaction 6 dominates. In this paper, reaction end products are considered as the compounds remaining when all of the H2O2 is used up. Intermediate products are considered as the compounds remaining in the reaction mixture while H2O2 is still present. Analysis was done after removal of the residual H2O2.
"T"he spectrum of this unknown compound was similar to 1,1'Biphenyl, 3,3',4,4'tetramethy (probability of 11%) and 1,3,5 Trinitro toluene (probability of 50%) according to the library search on the compound. The probabilities being low, no conclusions could be made about the identity of the compound. Figure 5 . From Figure 5 , it was evident that temperature affected the reaction rate considerably.
Hydrogen peroxide was depleted in 5,4 and 2.5 hours for the reactions at temperatures of 21°C, 30°C and 40°C respectively. The TOC removal was also observed to be greater at higher temperatures. However, there was no major difference in the rate of removal at temperatures of 30°C and 40°C. The generation of OH radicals (reaction 1) is a function of temperature and at high temperatures, the radicals would be generated at a higher rate. In such a case, reaction 12 is expected to dominate and explains the TOC removals at 30°C and 40°C.
Effect of Other Metals
The initial presence of Fe3+ or Cu2+ enhances the evolution of oxygen in the absence of substrates [1] which is due to reaction 8 (for Fe3+). The presence of copper is known to initiate reactions 10 and 11. Copper is also known to accelerate the oxidation of nitrophenols [15] . A smaller dose of Cu2+ was observed to be more effective than the presence of Fe3+. [13] Since reaction 10 is faster than reaction 8, [9] copper is more effective than Fe3+. The initial presence of Fe3+ has been known to accelerate the oxidation of chlorophenols. [2] To account for this observation, reaction 7 has been suggested. [2] To observe the effects of Fe3+ and Cu2+ in addition to Fe2+, three experiments were done. The results are shown in Figure 6 . The mixture of Fe2+ & Fe3+ expedited the oxidation process compared to the presence of Fe2+ alone although the total quantity of catalyst was the same. It was also noted that Figure 6 shows that Fe3+ was a better catalyst compared to Cu2+. This is probably because Fe3+ is a more powerful oxidant than Cu2+.
COMPARISON WITH UV/H2O2
The UV/H2O2 system is reported to be the most efficient radical producing mechanism. However, the utilization of UV light has been reported to be relatively inefficient due to lower absorption coefficient of H2O2 [4] . The UV/H2O2 combination involves one step initiation and the photolytic dissociation of H2O2 into two "OH radicals as given by equation 13. [4] Comparing this to the Fenton's reagent, reaction 1 generates a single *OH radical. The reformation of H2O2 is possible by both the methods. For the UV/H2O2 system, the regeneration of H2O2 is possible by reactions 14 and 15 [4] :
For the UV/H2O2 system, the best removal of 2,4-DNT has been observed in the range of H202:DNT (molar) = 26 to 52 [7] which is comparable to Fenton's reaction. The contact time for the UV/H2O2 system seems to be lower but combining the various techniques described in this paper to reduce time and decrease consumption of H2O2, the reaction time required for Fenton's reagent may be comparable. The following pathway was suggested for oxidation of DNT by UV/H2O2 system [7] Three unidentified reaction products may be observed from the chromatograms in Figure 3 . The spectrum of two unknown products does not match with standard spectra [16] , [17] , [18] of any pure organic compound. Possibly one of these unknown compounds is a dimer but it could not be verified. The unknown products (Peak 6, Peak 7 and Peak 8, Figure 3 ) had the following spectrum:
The retention time matched with pure standards of the compound. 
